ND132 is an intracellular process that occurs by reaction with thiol-containing molecules.
INTRODUCTION
 24 
25
The fate and transport of mercury (Hg) in contaminated groundwater is strongly affected 26 by redox transformations. [1] [2] [3] Whereas oxidized ionic mercury [Hg(II)] binds strongly to natural 27 organic matter via complexation with thiol functional groups, 4, 5 elemental mercury [Hg(0)] is 28 mobile in groundwater and can migrate horizontally over long distances through the unsaturated 29 zone as a volatile gas. 6, 7 The conversion of Hg(0) to Hg(II) also affects the bioavailability of 30 mercury for bacterial uptake, the production of neurotoxic methylmercury [MeHg] , and 31 subsequent bioaccumulation of MeHg in aquatic food webs. [8] [9] [10] Understanding the 32 biogeochemical processes that control Hg(0) oxidation is particularly important for predicting 33 the formation of MeHg in industrial areas contaminated with large amounts of elemental 34 mercury, such as historic mining sites and nuclear weapon production facilities.
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Certain anaerobic bacteria have been shown to produce MeHg from Hg(0) as the sole 36 mercury source. 15, 16 A key step in the microbial conversion of dissolved elemental mercury to 37 methylmercury is the cellular oxidation of Hg(0) to Hg(II). 17 The Hg-methylating bacterium 38 Desulfovibrio desulfuricans ND132 oxidizes dissolved elemental mercury to Hg(II) and the 39 oxidized Hg(II) covalently bonds to cellular functional groups. 15 Geobacter sulfurreducens PCA 40 can also convert Hg(0) to Hg(II) but requires either high cell concentrations or the addition of 41 thiol compounds in its growth medium. 16, 18 Because thiol functional groups in natural organic 42 matter have been shown to oxidize Hg(0) via oxidative complexation, 19, 20 thiol-containing 43 molecules associated with bacterial cells may also be important for microbial Hg(0) oxidation.
44
Currently the role of cellular thiols, the location of Hg(0) oxidation, and the chemical forms of 45 oxidized mercury in Hg-methylating bacteria are poorly understood.
Determination of thiol functional groups. The abundance of thiol functional groups was
90
determined by a florescence-labeling method using Thiol Fluorescent Probe 4 (TFP-4) [3-(7- 
153
The data were analyzed by using the methods described in the UWXAFS package. 27 Data 154 processing and fitting were done with the programs ATHENA and ARTEMIS. 28 The data range 155 used for Fourier transformation of the k-space data was 2.5-8. as the criterion for inclusion of an additional shell in the shell-by-shell EXAFS fitting procedure. thiols/cell (Fig. 1C) .
Oxidation of Hg(0) to Hg(II).
We conducted experiments to determine the role of thiol- Hg(0) oxidation activity was lost due to the blocking of cellular thiols with TFP-4.
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To localize Hg (0) 
220
While no significant differences in the XANES spectra were observed between the 1 h and 221 6 h hours samples, the k 2 weighted (k) spectra showed a clear phase shift in the k 2 weighted (k)
222
EXAFS oscillations between the 1 h and 6 h samples ( Fig. 3B and S2 ). For the 6 h sample, the 223 phase of EXAFS oscillations shifted towards lower k values, which was manifested as longer bond 224 distance of the nearest neighbor atoms in the Fourier Transformed (FT) EXAFS data (Fig. 3C ).
225
The Hg-S bond distance increased from 2.35 Å at 1 h to 2.43 Å at 6 h. The change in the Hg-S 226 bond distance was also evident from the real part of the FT EXAFS spectra (Fig. 3D) are shown in Table 1 , and data and model fit are shown in Figure 4 . The experimental results presented in this study show that reduced thiols in D. reactive cellular thiols is expected to affect the kinetics and overall extent of Hg(0) oxidation.
281
Furthermore, Hu et al. 16 showed that at low cell concentrations G. sulfurreducens PCA oxidizes produced by D. desulfuricans in response to oxidative stress. 40 Oxidative stress also induces the 291 expression of several thiol-specific peroxidases in Desulfovibrio including thiol-peroxidase,
292
bacterioferritin comigratory protein (BCP), and glutaredoxin. 41 Conversely glutathione, which 293 occurs at high levels in aerobic bacteria, is not produced by Desulfovibrio 42 and is unlikely to be 294 involved in Hg(0) oxidation unless assimilated from external sources.
295
The EXAFS analysis revealed that multiple forms of Hg-thiol complexes are produced the k 2 weighted (k) data using Hg-cysteine and Hg-(cysteine)3 standards as end members suggest a distribution of 70% Hg-S1 and 30% Hg-S3 in the 1 hour spheroplast sample, and 15%
299
Hg-S1 and 85% Hg-S3 in the 6 hour sample. These LCF estimates are in reasonably good 300 agreement with the shell-by-shell fitting results shown in Figure 4 and Table 1 . A mixture of Hg-301 S1 and Hg-S3 was also observed in the amplitude of the FT EXAFS data (Fig. S3) . Destructive the amplitude for the FT EXAFS data for 6 h sample is similar to that of Hg-(cysteine)3 standard.
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Notably, the EXAFS analysis showed that the bond distance of Hg-S complexes changes 307 over time from 2.35 Å for the 1 h sample to 2.43 Å for the 6 h sample (Fig. 3B-D) . This increase 308 in Hg-S bond distance is consistent with a modification of the Hg coordination environment from 309 1 S atom to 3 S atoms. 43 The Hg-S bond distance for the 1 hour sample is similar to Hg-thiol 310 bonds distances found in natural organic matter (2.34 Å) where Hg coordinates to a single sulfur 311 atom in a thiolated aromatic unit. 44 The 6 hour sample is dominated by a Hg-S3 complex which 312 have been show to form in aqueous solutions when the cysteine ligand concentration exceeds 313 that of oxidized Hg by two fold. 45 Hg-S4 complexes, which form in highly alkaline solutions, 46 
314
are not likely to occur at physiological pH values of strain ND132. These findings indicate in the 315 presence of thiol-containing biomolecules, there is an evolution of the local coordination 316 environment of the intracellular oxidized Hg, with the stoichiometry of Hg-S bonding changing 317 from a predominately Hg-S1 coordination environment to a more stable Hg-S3 configuration with 318 increasing reaction time.
319
Environmental Implications: The experimental set up employed in our study resembles 320 the mercury contaminant situation at many industrial areas where a significant amount of the elemental mercury waste persists in soils and sediments as liquid Hg beads. 47 The k 2 -weighted EXAFS spectra in k-space collected on spheroplasts samples and Hg-(cysteine)n standards.
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Figure S4:
The k 2 -weighted EXAFS spectra in k-space collected on the 1 h and 6 h spheroplasts samples with Hg-cysteine and Hg-(cysteine)3 standards.
